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Abstract
It is shown that chiral plasmons, characterized by a longitudinal magnetic mo-
ment accompanying the longitudinal charge plasmon, lead to electromagnetic near-
fields that are also chiral. For twisted bilayer graphene, we estimate that this chi-
rality can be several orders of magnitude larger than that of the related circular
polarized light. The chirality also manifests itself in a deflection angle that is formed
between the direction of the plasmon propagation and its Poynting vector. Twisted
van der Waals heterostructures might thus provide a novel platform to promote
enantiomer-selective physio-chemical processes in chiral molecules without the ap-
plication of a magnetic field.
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Introduction
Chirality is an important aspect in life as only one enantiomer of amino acids is present
in nature.1 Furthermore, chiral objects can only be distinguished through the interac-
tion with other chiral objects. A prominent example is the circular dichroism of chiral
molecules where a different absorption cross section is seen when changing the chirality
of the incident light.2–6 This gives rise to an asymmetry factor denoting the normalised
difference between the two absorption cross sections.
Exposing (chiral) organic molecules to circularly polarized light (CPL) might lead to
modified chemical reactions, but in general the asymmetry factor is of the order of 10−3
and thus negligible. This is related to the fact that the length scales between the two
interacting chiral objects usually differ by several orders of magnitudes, i.e., for CPL
ak ≈ 10−3 in the optical regime where k = 2pi/λ denotes the wave number and a the
length scale of the molecule.
There have been proposals to enhance the enantioselectivity in the excitation of chiral
molecules by superchiral light.7 Also chiral metamaterials and plasmonics show promising
results,5,8,9 and even in Bernal-stacked bilayer graphene axial coupling can be induced.10
But with the advent of atomically thin two-dimensional (2D) crystals,11 new opportunities
arise and macroscopically large chiral objects with inherent uniaxial coupling can be
designed following a bottom-up approach by placing the 2D crystals on top of each other
with a rotational mismatch.
The circular dichroism of twisted bilayer graphene (TBG) was first observed by Kim
et al.,12 but is rather weak. It could be increased by stacking multiple layers with a
definite relative twist angle on top of each other. For n layers, the intrinsic length scale
given by the interlayer separation a ∼ 3.4A˚ would be increased by a → a∗ = na and the
dimensionless chirality scale a∗k could reach the order of unity.12 Another way to increase
the dimensionless chirality scale ak would be to decrease the wavelength of the chiral field.
Reducing the wavelength of the electromagnetic field is possible using confined plas-
3
monic modes. Adsorbed molecules naturally facilitates the coupling of far-field light into
these plasmonic modes, and their excitation significantly enhances otherwise weak light-
matter interactions.13 In fact, the plasmonic wave-length can be considerably decreased
in graphene,14,15 which is related to the fact that the Fermi velocity vF is two orders of
magnitude smaller the speed of light c.16,17 We shall be guided by this approach and intro-
duce a new degree of freedom in the form of the chirality of the near-field by considering
plasmons in twisted van der Waals heterostructures.
Chiral plasmons in TBG
Twisted bilayer graphene18–25 (TBG) has attracted tremendous attention since the discov-
ery of correlated insulator states26,27 as well as superconductivity28–30 close to the magic
angle of θ ∼ 1.08◦. Also, plasmonics in TBG has received considerable interest,17,31–33
and interband collective modes around the charge neutrality point have been predicted34
and observed.35 Furthermore, for systems with narrow band widths such as TBG, plas-
mons are expected to be long-lived36,37 and for twist angles of less than half a degree,
the possibility of a photonic-crystal for these collective excitations opens up.38 Scanned
probe optical techniques can also be used to determine the local twist angle and domain
structure.39
Like any metal layer, doped TBG hosts plasmons with dispersion given by ω2 =
qDT/(0(1 + 2)). It depends on the dielectric constants of the upper (1) and lower (2)
half-planes as well as on the total Drude weight DT defined below. Placing a metal40
or a large dielectric41 at a distance d from the TBG sheet leads to the dispersion ω2 =
dq2DT/(02) for screened plasmons, also commonly referred to as acoustic plasmon, where
S is the dielectric constant of the dielectric space between the bilayer and the metallic
plate.
Chiral plasmonics relies on TBG’s intrinsic chirality that gives rise to circular dichroism
in the absence of symmetry-breaking fields.12,42–44 It is governed by the chiral Drude
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weight Dxy.33,45–47 This quantity can be related to the vector-product of the sheet current
densities as48
Dxy =
1
2A
∑
k,n
ez · (j1k,n × j2k,n)δ(k,n − EF ) , (1)
where j`k,n = 〈k, n|j`|k, n〉 and k,n and |k, n〉 denote the eigenvalues and eigenvectors,
respectively, with k inside the first Brillouin zone. A labels the area of the sample and j`
is the current operator of layer ` = 1, 2.
The chiral term Dxy adds a transverse component to the longitudinal current of or-
dinary plasmons with opposite sign in each layer, which can be viewed as a longitudinal
magnetic moment.45 Therefore, the chiral Drude weight of Eq. (1) endows longitudinal
plasmons of twisted structures with a chiral character by linking the electric dipole oscil-
lations p to magnetic dipole oscillationsm via p ∼m. Here, we show that this property
is passed onto the electromagnetic near-field and due to the strong field confinement of
graphene’s surface-plasmon polaritons, the field chirality is several orders of magnitude
larger than the one of the corresponding far-field. Twisted atomically thin van der Waals
heterostructures may thus provide the strongest near field chirality without the need of a
magnetic field.
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Continuum model of TBG and linear response
In the following, we will perform the detailed calculations for the continuum model as
proposed in Refs.18,24 . For one valley, the Hamiltonian reads
H = ~vF

0 −i∂x − ∂y + i∆K2 VAA′(r) VAB′(r)
−i∂x + ∂y − i∆K2 0 VBA′(r) VAA′(r)
V ?AA′(r) V
?
BA′(r) 0 −i∂x − ∂y − i∆K2
V ?AB′(r) V
?
AA′(r) −i∂x + ∂y + i∆K2 0

,
(2)
where we introduced the Fermi velocity of graphene vF , the shift between the two Dirac
cones ∆K, and VAA′(r), VAB′(r), and VBA′(r) are the respective interlayer tunneling am-
plitudes between regions of stacking AA,AB, and BA. The Hamiltonian for the opposite
valley is obtained by replacing ∆K by −∆K and reversing the momentum kx.
Twist angles shall be commensurate and are parametrised by cos θi = 3i
2+3i+1/2
3i2+3i+1
. We
also set the in-plane hopping parameter t = 2.78eV which is related to the Fermi velocity
via vF =
√
3
2
ta0 with a0 = 2.46Å. The interlayer hopping strength is taken as w = 0.11meV
following the notation of Ref.24 .
The conductivity σ shall also be defined by a 4× 4 matrix with
j(1)
j(2)
 = σ
E(1)
E(2)
 , (3)
where j` and E` represent in-plane currents and total fields in the plane ` = 1, 2. For a
rotationally invariant, symmetric system, we can then write the response in the following
6
way:45
σ =

σ0 0 σ1 σxy
0 σ0 −σxy σ1
σ1 −σxy σ0 0
σxy σ1 0 σ0

, (4)
where σ0,1(ω), σxy(ω) are complex functions characterizing the local in-plane response.
They can be interpreted as the in-plane conductivity, the covalent drag conductivity as
well as the Hall or chiral conductivity, respectively.
It is usually sufficient to discuss plasmonic excitations with respect to their Drude
weights and the Drude weight Dν is related to the low-frequency limit of the response
function σν via Dν = limω→0 ωImσν with ν = 0, 1, xy. The total Drude weight is then
given by DT = 2(D0 +D1), and it becomes the familiar inverse mass formula
DT =
1
A
∑
k,n
(
e
~
∂k,n
∂kx
)2
δ(k,n − EF ), (5)
which only needs the knowledge of the band-structure of the Hamiltonian Eq. (4). For
the chiral response, we will use Eq. (1).48 Both quantities characterise the chiral near-field
and are plotted in Figs. 1 and 2 as function of the Fermi energy for various twist angles.
Near-field properties of chiral plasmons in TBG
Chiral plasmonics in twisted bilayer graphene has first been introduced and discussed in
the non-retarded limit,45,46 and was recently extended including relativistic effects.33 The
static approach is usually enough since the transverse (s-polarised) current sources are
suppressed by the fine-structure constant and can thus be neglected in comparison to the
longitudinal (p-polarised) current sources. However, there are quantities which are zero in
the non-retarded regime and these shall be discussed in this work within the full retarded
7
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Figure 1: The total Drude weight in units of t(e/~)2 for large twist angles
θi = 3.15
◦, 2.13◦, 1.61◦ with i = 10, 15, 20 (left) and for small twist angles θi =
1.25◦, 1.16◦, 1.08◦, 1.02◦, 0.96◦ with i = 26, 28, 30, 32, 34 (right) as function of the Fermi
energy EF .
response theory.
The plasmonic field in a general bilayer is generated by the in-plane currents j` =
j`‖e‖ + j
`
⊥e⊥ with ` = 1, 2 that carry the momentum q = qe‖ in the non-retarded limit.
TBG displays chirality without breaking time-reversal symmetry and we have for the
charged plasmon45,46 j‖ ≡ j1‖ = j2‖ and j⊥ ≡ j1⊥ = −j2⊥. This polarization of currents is
for symmetric environments and we expect it to also roughly hold in asymmetric setups
such as the one for screened plasmons discussed below.
In Appendix A, we analyze the near-field response of one layer for which time-reversal
symmetry is explicitly broken. This treatment can be extended to a bilayer with the two
layers located at z1 = a/2 and z2 = −a/2 and for TBG, we set a = 3.4Å. An alternative
approach considering an effective single electro-magnetic sheet can be found in Appendix
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Figure 2: The chiral Drude weight in units of t(e/~)2 for large twist angles
θi = 3.15
◦, 2.13◦, 1.61◦ with i = 10, 15, 20 (left) and for small twist angles θi =
1.25◦, 1.16◦, 1.08◦, 1.02◦, 0.96◦ with i = 26, 28, 30, 32, 34 (right) as function of the Fermi
energy EF .
B.
Local near-field chirality
The formula for the local chirality and the local chirality flux couples the longitudinal and
transverse field component. For real electromagnetic fields (E , B) in a dielectric medium
(, µ), it is given by49
C = 0
2
E · (∇× E) + 1
2µµ0
B · (∇×B) , (6)
F = 1
2µµ0
(E × (∇×B)−B × (∇× E)) . (7)
Both quantities are related via the continuity equation ∂tC +∇ ·F = 0.
9
We will evaluate these expressions for the near-field that is produced by the longitu-
dinal and transverse current sources j‖ and j⊥, see Appendix A. To be more general, we
will from now on explicitly consider two different dielectrics i, µi with i = 1, 2 in the two
half-planes |z| > a/2 where a denotes the distance between the two twisted atomic layers.
In the limit aq′i  1 with q′i =
√
q2 − (ω/ci)2, we then have
Ci = −µiµ0
2
aq2j‖j⊥e−2q
′
i|z| , (8)
F i = −µiµ0ω
2
q
q′i
[
2j‖j⊥q′iaeq + sqn(z)j
2
‖
(q′i)
2
k2i
(
1 + j˜i⊥
)
eq⊥
]
e−2q
′
i|z| , (9)
where we defined j˜i⊥ = [1+
j2⊥
j2‖
k2i
(q′i)2
](
q′ia
2
)2 and ki = ω/ci with ci = c/
√
µii the speed of light
of the dielectric medium. Related quantities such as the helicity and ellipticity can also
be obtained from the above expressions, see Appendix A. For completeness, let us also
present the local energy density wi and the local Poynting vector Pi of each half-plane:
wi =
µiµ0j
2
‖
2
q2
k2i
(
1 + j˜i⊥
)
e−2q
′
i|z| , (10)
Pi =
µiµ0j
2
‖
2
qω
k2i
[
(1 + j˜i⊥)eq + sqn(z)
j⊥
j‖
q′iaeq⊥
]
e−2q
′
i|z| (11)
We note that the chirality flux as well as the Poynting vector contain a non-trivial trans-
verse component eq⊥ which could be arbitrarily chosen without violating the respective
continuity equations. The local definition of Eq. (7) and the corresponding definition
of the Poynting vector thus go beyond the transport properties as was first discussed in
Ref.50 .
Plasmon-induced chirality
We will now discuss the plasmon-induced chirality in twisted van der Waals structures and
set for simplicity µi = 1. The above equations are expressed in terms of the longitudinal
and transverse current and for plasmons, they are related via j⊥ = −2DxyDT j‖.45,46 With
10
the knowledge of the plasmon dispersion and the linear response relation 2iωj‖ = −DTE
where E denotes the in-plane electric field, the chirality can then be entirely written in
terms of the field intensity and material constants.
If the twisted atomic layers are surrounded by two dielectrics, the intrinsic excitations
are given by unscreened (optical) plasmons and their dispersion relation reads ω2 =
qDT/(0(1 + 2)).17 With E = Eunscr, we then obtain for the chirality
Ci = −(1 + 2)
20
4i
akiDxy
DT
kiE
2
unscre
−2q′i|z| . (12)
If the twisted atomic layers are in close proximity to a metallic plate, the plasmonic
excitations are screened and their dispersion is defined by the (acoustic) sound velocity
via ω = vsq. Eq. (8) has further to be multiplied by the phase factor (1 − e−2q′Sd)
that comes from the reflection of the longitudinal field from the metallic plate with q′S =√
q2 − S(ω/c)2 where S denotes the dielectric constant and d the width of the spacer
between the TBG and the metallic plate. The chiral near-field is thus only present in one
half-space, say i = 1, or in between the spacer (i = S) and with E = Escr, this leads to
the following chirality:
Ci = −αxyDTdq
′
S
2v2s
E2scre
−2q′i|z| . (13)
where αxy =
aDxy
0c2
is the chiral fine-structure constant. This is a small number with
αxy ∼ 5× 10−4D˜xy and Dxy = D˜xyt(e/~)2. Nevertheless, the large local electric field Escr
will lead to a strong chirality.
Chiral deflection
The expressions for the local chirality depend on the total and chiral (Hall) Drude weight,
shown in Figs. 1 and 2. In Fig. 3, we show the dimensionless chirality χ of the system. χ =
Dxy/DT that governs the relation between the longitudinal and transverse current density
11
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Figure 3: The dimensionless quantity χ = Dxy/DT for large twist angles
θi = 3.15
◦, 2.13◦, 1.61◦ with i = 10, 15, 20 (left) and for small twist angles θi =
1.25◦, 1.16◦, 1.08◦, 1.02◦, 0.96◦ with i = 26, 28, 30, 32, 34 (right) as function of the Fermi
energy EF .
and thus the local chirality of unscreened)collective charge oscillations. It also enters in
the transverse component of the Poynting vector that will lead to a chiral deflection of
the energy flux.
For large twist angles, χ displays an odd behavior with a maximum of around 10.
For small twist angles, there is a constant plateau with well-defined chirality for large
|EF | reflecting the chirality of the lattice. However, around the neutrality this chirality
changes sign for i = 30 and Dxy becomes zero that was discussed in Ref.48 This opens up
the possibility of detecting the magic angle by pure optical means. Notice also that all
curves collapse to the same value χ ∼ 3 for large doping.
The analytical expressions of the previous section can be simplified considerably if only
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the linear term in q′a is kept and retardation effects are partially neglected by q′ → q.
The Poynting vector of a chiral plasmon then forms the angle tanϑ = −sgn(z)2χqa with
respect to the propagation direction q, see Eq. (11). For a twist angle of θ ≈ 2◦ and a
chemical potential around µ = 40meV, χ ≈ 10 which would yield an angle ϑ ∼ 0.5◦ that
is formed by q and P . This chiral deflection should be observable via the plasmon Hall
shift51 at liquid-nitrogen temperatures.52
Comparison to the chiral far-field
Let us contrast the near-field results with the chirality obtained for left (right) CPL with
Ei = E0(1,±i, 0)eikiz which yields C0i = ±i0kiE20 and F i = ciC0i ez.
For unscreened (optical) plasmons, we have close to the interface (|z|qi  1)
∣∣Ci/C0i ∣∣ = ˜iakiχF 2unscr , (14)
with the dimensionless chirality χ = Dxy/DT and relative permeability 4˜i = [(1+2)/i]2.
In the above formula, we have also introduced the field enhancement factor Funscr =
Eunscr/E0 for unscreened plasmons.
For screened (acoustic) plasmons, we have for the half-space or inside the spacer with
i = 1, S
∣∣Ci/C0∣∣ = αxyαT q′S
2iki
F 2scr , (15)
where αT = dDT0v2s is the material fine-structure constant. We have also introduced the field
enhancement factor Fscr = Escr/E0 for screened plasmons.
Eqs. (14) and (15) would be an artifact unless we relate both E = Eunscr,scr and E0 by
a common physical ruler. For that, we imagine that the same plasmonic current intensity
j‖ that creates E, now shines at a radiative wavevector qr  ω/c, creating the far-field
plane wave of amplitude E0. Then Fscr ∼ qω/c ∼ cvs , valid for the typical wavevectors of
13
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Figure 4: Near-field chirality for different plasmonic regimes normalised by the corre-
sponding far-field chirality of circularly polarized light and different twist angles θi =
3.15◦, 1.61◦, 1.08◦, 0.82◦ with i = 10, 20, 30, 40 as function of the Fermi energy EF .
graphene plasmons which will be used in the following. Fscr is usually larger than the
one for unscreened plasmons. In an experimental setup, this can be controlled with a
proximal metal plate to the TBG separated by a thin dielectric spacer. When the spacer
thickness approaches 1 nm, the field confinement for the screened acoustic plasmon can
be ∼ 5 times larger than that of the unscreened case.53 In the following, we will thus set
Funscr = 0.2
c
vF
.
Estimating near-field chirality
In Fig. 4, we plot the normalised near-field chirality with respect to the corresponding
far-field chirality of circularly polarized light |C/C0| for different twist angles as function of
14
the Fermi energy EF for the half-space i = 1. This half-space is assumed to be free space
with 1 = 1. We also set 2 = S = 5 modelling a hBN-substrate. In the case of screened
plasmons, we further set the spacer width to be ∼ 5 hBN-layers, i.e, d = 5a ∼ 17Å.
In the case of unscreened (optical) plasmons, the chirality depends on the frequency
and we set λ1 = 2pi/k1 = 10µm used in typical scanning near-field experiments. In Fig.
4(A), we plot the enhancement factor for unscreened plasmons which turns out to be of
the order of 10. Nevertheless, this can be enhanced by increasing the plasmonic frequency.
For moderately screened plasmons, the sound velocity can be approximated as v2s =
dDT/(0S) if vs > vF .41 This is valid for EF & 0.1 and highlighted in Fig. 4(B). As
expected, the enhancement factor turns out to be larger than in the case of unscreened
(optical) plasmons.
For strongly screened plasmons, the sound velocity approaches the Fermi velocity and
we set vs = vF .54 This yields the larges enhancement factor of the order of 103 for for
twist angles θ ∼ 3◦ and for large electronic density with EF ∼ 0.3− 0.5eV as can be seen
in Fig. 4(C). Highly doped twisted van der Waals heterostructures screened by a nearby
metallic gate should thus yield the strongest chiral near-field without breaking time-
reversal symmetry. Moreover, the chirality is relatively broadband and highly tunable
through carrier density modulation via gate voltage. Further enhancement might be
possible due to the Fermi velocity renomalization by replacing vF → v∗F with v∗F < vF .18,24
Strong light-matter interaction can induce or catalize new reactions. E.g., there
are interesting proposals to enhance two-photon processes55 and to construct "designer
atoms".56 They rely on the wavelength reduction of confined, plasmonic excitations. An
alternative, but related approach to alter chemical reactions or to catalyse new ones is to
drive the system into the strong light-matter interaction regime.57–62 We shall add to this
general approach an additional degree of freedom, namely, the chirality of the near-field.
For screened plasmons, which can be achieved with a proximal metal gate,53,63 the
chiral enhancement is largest for twist angles of θ ∼ 3◦ and for large electronic density
n ∼ 1013cm−1. This would yield an asymmetry factor in the circular dichroism of order
15
unity and the proposed platform might give rise to unprecedented chemical reactions
between chiral molecules that are usually forbidden in the spirit of previous proposals,
see Fig. 4.55–62
Let us finally note that C also denotes the chiral selectivity of the near-field cou-
pling with an emitter, and thus can also modify the polarized photoluminescence of dye
molecules.64 The adsorbed molecules which can effectively couple far-field light into the
plasmons, would have different near-field coupling efficiencies for the two enantiomers.9
Since the electronic chirality changes sign at the magic angle,48 this selectivity can also
be used to detect the magic angle by pure optical means.
Summary and discussion
We have investigated the electromagnetic near-field confined to TBG focusing on its chi-
rality. The rotational mismatch breaks all mirror plane symmetries and chirality arises
from the quantum nature of interlayer coupling. The effect does thus not rely on the break-
ing of time-reversal symmetry and can, therefore, be useful in the context of catalysing
chemical reactions without changing the external conditions, e.g., due to the presence
of a magnetic field. We find huge field enhancements especially in the case of acoustic
plasmons paving the way towards chiral plasmon-induced chemistry which is possible for
general twisted van der Waals structures11 since the interlayer Moiré coupling induces a
chiral response that endows surface plasmons with a chiral character.33,45,46 Unlike most
proposals in the field of chiral plasmonics,9 the near-field chirality discussed herein has a
quantum origin due to the interlayer coupling between the atomic layers, and does not
rely on any nanofabrication of metallic chiral structures.
Our proposal can be extended to other 2D materials beyond graphene, and provides a
novel approach to macroscopic chiral platforms for optics, sensing, chemistry and beyond.
One example might concern a variety of synthetic methods for amino acids that lead to
equal amounts of left- and right-handed enantiomers, i.e., they are usually obtained as a
16
racemate and processes for enantiomer separation must then be carried out if pure L- or D-
amino acids are required. Performing the synthesis close to van der Waals heterostructure
and exciting plasmons with a well-defined chirality might lead to enantiomerically pure
L or D amino acids. Also, entirely new catalysed reaction of chiral molecules can be
envisioned.
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Appendix A: Near-field properties in 2D systems with
broken time-reversal symmetry
Two-dimensional bulk plasmonic properties in systems with time-reversal symmetry can-
not easily be distinguished from systems with broken time-reversal symmetry regarding
their dispersion. The reason for that is that the transverse (s-polarised) current sources
are suppressed by the fine-structure constant and can thus be neglected in comparison to
the longitudinal (p-polarised) current sources. Still, there are quantities which are only
non-zero in the retarded regime such as the helicity, ellipticity or chirality.
Plasmons in two-dimensional systems with broken time-reversal symmetry exhibit
a transverse current j⊥ that is associated to the longitudinal current j‖. Let us de-
fine the complex sources j‖ = j‖eqeiq·re−2q
′|z| and j⊥ = j⊥eq⊥eiq·re−2q
′|z| with q′ =
17
√
q2 − µ(ω/c)2 and eq⊥ = ez × eq. The corresponding real current densities shall be
given by jν =Rejν with ν =‖,⊥.
The associated near-field is given by Aν = −Dνjν where Dν is the longitudinal (ν =‖)
or transverse (ν =⊥) photonic propagator, respectively.41 The parallel current j‖ will
thus give rise to a longitudinal field and the perpendicular current j⊥ to a transverse
field. With the total gauge field A = A‖ +A⊥ and E = iωA and B = ∇×A, we thus
obtain the following expression:
E = iω

−dlj‖
−dtj⊥
−isgn(z) q
q′dlj‖
 eiqxe−q′|z| (16)
B =

−sgn(z)q′dtj⊥
−sgn(z)k20
q′ dlj‖
−iqdtj⊥
 eiqxe−q′|z| , (17)
where dl = q
′
20ω2
, dt = −µµ02q′ , k0 = ω/c and eq = ex.
Optical momentum, spin, angular momentum, and helicity
The local energy density w, "complex" Poynting vector Π (the Poynting vector is defined
as PPoy = <Π), momentum P, spin S, and helicityH of a monochromatic electromagnetic
18
wave can be defined as follows:50,65–68
w =
0
4
E∗ ·E + 1
4µµ0
B∗ ·B (18)
Π =
1
2µµ0
E∗ ×B (19)
ωP =
0
4
=E∗ · (∇)E + 1
4µµ0
=B∗ · (∇)B (20)
ωS =
0
4
=E∗ ×E + 1
4µµ0
=B∗ ×B (21)
ωH = − 1
2µµ0
=E∗ ·B (22)
For the above current density, this yields the following local properties with q = qex:
w =
µµ0j
2
‖
8
q2
k20
(
1 +
j2⊥
j2‖
k20
(q′)2
)
e−2q
′|z| (23)
Π =
µµ0j
2
‖
8
qω
k20

1 +
j2⊥
j2‖
k20
(q′)2
sgn(z)2 j⊥
j‖
−sgn(z)i q′
q
(
1− j2⊥
j2‖
k20
(q′)2
)
 e−2q
′|z| (24)
P =
q
ω
weqe
−2q′|z| (25)
S = −sgn(z)µµ0j
2
‖
8
1
ω
q
q′

2 j⊥
j‖
(q′)2
k20
(
1 +
j2⊥
j2‖
k20
(q′)2
)
0
 e−2q′|z| (26)
H = −sgn(z)µµ0j‖j⊥
4
q2
q′k20
e−2q
′|z| (27)
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Ellipticity
We can also define the ellipticity of the electric and magnetic field as follows
EE = =E
∗ ×E
E∗ ·E ·PPoy , (28)
EB = =B
∗ ×B
B∗ ·B ·PPoy , (29)
E = =0E
∗ ×E + 1
µµ0
B∗ ×B
0E∗ ·E + 1µµ0B∗ ·B
·PPoy , (30)
with PPoy = <Π. Interestingly, we find EE = EB with
EE = −sgn(z)µµ0j‖j⊥
4
ω
k20
q2
q′
. (31)
Even though the electric and magnetic fields are coupled, we can assign the same ellipticity
to each sector. Consequently, we also have E = EE. Furthermore, there is a relation
between the ellipticity and helicity with E = ωH.
Chirality
The local chirality for a real electromagnetic field in a dielectric medium (, µ) is defined
by49
C = 0
2
E · (∇× E) + 1
2µµ0
B · (∇×B) . (32)
Note that a finite contribution to the chirality only comes from the scalar product involving
both, the longitudinal and the transverse field component which justifies the denomination
of this conserved quantity. The resulting fields, therefore, display the following chirality:
C = −sgn(z)µµ0
4
j‖j⊥q2
q′
e−2q
′|z| (33)
The optical chirality is associated to a flux of chirality related by the usual continuity
20
equation ∂tC +∇ ·F = 0 (in the absence of material currents) which is locally defined as
F = 1
2µµ0
(E × (∇×B)−B × (∇× E)) . (34)
For the chiral plasmon, this gives
F = −sgn(z)µµ0ω
8
q
q′
e−2q
′|z|
[
2j‖j⊥eq + j2‖
(q′)2
k20
(
1 +
j2⊥
j2‖
k20
(q′)2
)
eq⊥
]
. (35)
Notice that we have F = ω2S which gives rise to a conserved "spin-density" S = C/ω2.
We also have H = C/k20. Both relations are general and obtained by noting that
C = 0
2
(B · ∂tE − E · ∂tB) = k20H , (36)
F = 0
2
E × ∂tE + 1
2µµ0
B × ∂tB = ω2S . (37)
The chirality is also linked to the ellipticity with E = ωC/k20.
Appendix B: Chirality in magneto-electric sheets
In this Appendix, we will consider an effective magneto-electric sheet. For chiral plasmons,
the classical picture of field sources in vacuum are then in-plane, longitudinal current and
magnetic moment densities, written as
2j(r, t) = j0 e
iq·re−iωt + c.c.
2m(r, t) = am˜ j0 e
iq·re−iωt + c.c.
, (38)
with j0 ‖ q, and where m˜ is a material constant that quantifies the parallel magnetic
moment following the current. a represents an intrinsic length (interlayer distance for
twisted bilayer), introduced to make m˜ dimensionless.
The fields associated with these sources, Ej,m and Bj,m, can be calculated explicitly
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but, to show that C¯ is non zero, and the generality of the argument, it suffices to realize
that: i) only the crossed terms (j,m) contribute to C¯ on symmetry (parity) grounds, ii)
the term from EmBj is smaller than the term EjBm by factors of ( ωqc)
2, iii) the electric
and magnetic fields of an electric dipole can be read from the magnetic and electric
counterparts of a magnetic dipole.
The last point and the relation between current and dipole density, j = ∂tp, allow us
to write
Bm = iω0µµ0m˜aEj , (39)
and finally
C = k20
0
4
(m˜+ m˜∗)a|Ej |2. (40)
We recall that Ej is the electric field associated with the longitudinal plasmon current
and, for the near field, one could safely take the instantaneous approximation for it. Its
explicit expression in terms of j0 will lead to the standard exponential decay e−2q|z| of
near fields.
As a final remark, one notices that a real value of m˜ is required for finite C¯. This
implies that the magnetic moment has to have a component in phase with the plasmon
longitudinal current and, therefore, the magnetic dipole density is in quadrature with
the electric dipole density. This is precisely the condition for an atomic transition to be
chirally active, so the whole picture is consistent. Furthermore, although the formalism
is tailored to layered systems, the generality of the arguments implies that a chiral near
field should exist whenever the sources comply with the previous requirement of parallel
and in quadrature electric and magnetic moments.
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